Quality control is gaining ever-increasing interest in the evaluation of a surgical practice (Adar 1982 , Stock et al. 1982 , Caslleden et al. 1992 ). Orthopedic surgeons have long been used to evaluating the results of various surgical techniques. A large pro portion of clinical scientific research has been per formed in retrospect, with the primary aim of report ing I he percentages of patients with good, moderate or poor results. Pcroperative and postoperative com plications are generally mentioned, but it is impor tant to bear in mind that in retrospective studies not all complications will have been recorded in the medical files and it will depend greatly on the opin ion o f the authors whether or not a particular condi tion is considered to be a complication.
In 1.991, we started registering complications prospectively. It is well-known that complications are responsible for a considerable proportion of post operative morbidity and that they form an important factor in the patients' opinions about the quality of surgical procedures (Tjoeng and Janzon 1988, Noer et ah 1991) . By gaining more insight into the com plications, our main aims were to learn from any errors, reduce the incidence of complications and consequently produce a cost-saving effect,
Methods
The complication-registration system was developed to make full and systematic records of all the peroperalive and postoperative complications which occurred up to I year following orthopedic surgery. The objective was to record the data in such a way that complications could he displayed in relation to the surgical procedure performed, preferably as a percentage of the total number of any particular pro cedure per year.
Definition
Defining conditions which should be considered as complications is difficult and will depend strongly on the personal opinion of those using the system. To be able to distinguish at a later date between complications which can be avoided and those which cannot, it is useful to make the registration of complications and errors as broad as possible. We used the following definition of a complication: any unintentional development during or after a surgical procedure,
Coding
The complication-registration system is based on 2 coding systems:
A. A list of complication codes divided into a code for the location of a complication and a code for the nature of the complication. By applying crosswise combination to these subcodes, almost all complications can be accounted for.
B. A list of procedure codes, in which each proce dure can be described adequately with 1 code. It is not possible to assign multiple codes to a particular procedure, because the unequivocal relationship between the procedure performed and the complica tion would be lost. Cases requiring several opera tions, for example, patients with multiple injuries, can be assigned several codes, each with any accom panying complications.
The coding system for the complications was designed as comprehensively as possible; general complications can also be entered. None of the exist ing coding systems could be used for the surgical procedures or the diagnosis of a complication, because the other systems do not provide a descrip tion that is accurate enough (lCD9-cm 1986), or the coding system is too extensive.
Logistics
To register every patient who undergoes an outpa tient or clinical operation, a simple double-side printed A4-size form was designed to follow the same routine as a medical file ( Figure 1 ). The form is inserted into the patient's medical file on admis sion and removed on discharge. Every procedure must be filled in, whether or not a complication occurred. The form is blue to distinguish it from the (red) forms which are filled in at follow-up visits, The red form is only used to register late complica-Copy right © Scandinavian University Press 1995. ISSN 000i -6470. Printed in Swedenoll rights reserved. tions and it supplements the blue form. A complete list of complication codes and surgical procedure codes can be found on the front and back of both forms.
COMPLICATION FORM

Registration
Each surgical procedure is recorded only once. The form requests a minimum of patient data: name, date of birth and hospital number, plus the date of sur gery, the names of the surgeon and surgical assistant and the procedure code ( Figure I, lop of the form) . If a surgical complication arises, the 2 complication codes and the date must be filled in. Registration data were kept to a minimum to save time during computer input. We wrote our own computer soft ware in Turbo Pascal and this can be installed on any personal computer with a hard disk and an MS/DOS operating system.
Results
Owing to the diversity of data entered into the com puter, it is important to be able to display them in the form of a report. Therefore, a great deal of time and effort were spent on the layout of the various reports. 3 main types o f report can be drawn up using the computer data:
A. A report on the surgical procedures performed (per year or any other interval) for the department as a whole, or per surgeon or surgical assistant. B. A patient-oriented complication report, Data on each surgical procedure can he displayed by means of the patient data, including the surgeons* names, the operation date and the occurrence of any complications, Reports can also be obtained per sur geon or surgical assistant. C. A department-oriented complication report, without any patient data (Tables 1 and 2). A report can he made concerning all ihe complications which occurred in any given period, or per surgical proce dure.
Particularly die latter types of report are extremely useful and informative. Through their simple and orderly layout, they provide direct insight into the quality aspects of orthopedic surgery.
For example, we found a high percentage of luxa tions after hemi-arthroplasties of the hip in 1992 (Table 2) . This was a reason to change this implant (a bipolar type) for another implant (a unipolar type). The incidence of luxations decreased in the follow ing year, I993.
All procedures, which were performed more than I0 times in the year 1992 or 1993, are listed in Table  3 . In this table, the nature of the complications is not shown. However, it is clear (hat many procedures have about the same complication rate in these 2 years.
Discussion
In practice, our orthopedic complication-registration system can fulfil several different functions. For example, the data displayed on type-A reports can be used to make an annual report, output figures and to provide trainee doctors with a survey of the surgical procedures that they have performed.
The type-B reports can be used during periodic conferences about complications. The complications (and, if appropriate, the patient's medical file and radiographs) can be reviewed and discussed in the department, with the aim of broadening experience and learning from any undesired consequences of
The type-C reports can also be used for making an annual report. In addition, these reports will clearly display any important trends (for example, an increased incidence of urinary tract infections) which may or may not have an explanation (for example, resulting from a new postoperative protocol).
Although it offers many advantages, the registra tion system also has a few drawbacks, for example, the need to fill in the complication form for any sur gical procedure performed besides the writing of a report in a patient's file, and the freedom of choice about registering a complication. This is a matter of self-discipline, particularly with regard to complica tions which are detected at follow-up visits (Law et al. 1990) . A prospectice multicenter registration of postoperative complications in orthopedics has been performed in Denmark (Noer et al. 1991 ), but this system aimed mainly to register infections. In their system other orthopedic complications were regis tered only in general. At our department we have used the complication-registration system since 1 January 1992. During this time, it has become clear that many complications arise and that the percent ages of uncomplicated operations are lower than we initially assumed, probably because complications are being registered prospectively and as broadly as possible, i.e., including even minor problems, Until now as many as 10 orthopedic clinics in The Netherlands have adopted our complication-registra tion system. Options to solve the problem of bone defects in total knee replacement surgery include bone cement, cus tom-made implants, metal wedges in modular total knee systems or bone grafting. For reasons of versa tility, economy and policy we have used bone grafts, in combination with a cemented total knee prosthesis to restore normal bone stock. We report our results in 36 knees.
Patients and methods
W e performed a prospective study of 36 knees in 30 patients (9 men anti 2 1 women) with a mean age of 65 (39-87) years. The right side was affected in 13 eases, the left side in 13 cases and both sides in 5 eases. 16 patients had rheumatoid arthritis, 14 patients primary or secondary arthrosis. In 23 knees il concerned a primary replacement and in 13 knees a revision of a total knee prosthesis. The indications for revision were aseptic loosening (5 knees), septic loosening (4 knees), malpositioning (1 knee) and polyethylene wear with instability in 3 knees. 45 bone grafts were placed, 14 on the femoral side, 31 on the tibial side.
In 34 knees a nonconstrained total condylar knee prosthesis (Kinematic, Howmediea and PFC, John son & Johnson) was used and in 2 cases a constrained type (GSB, Allopro and PFC, Johnson and Johnson). O n the tibial side there were small (11 knees), m edi um (6 knees) and large (14 knees) bony defects. A defect was considered small when it was less than 4 c m 1 and large when it was more than 10 cm 3.
Small defects were filled with one piece of cancel lous bone. Medium and large noncontained defects were reconstructed with a piece of eorticocancellous bone fixed with K-wires or screws. All other defects were filled with small pieces (0.5 cm) of morcellized cancellous bone and impacted into the defect (Table  1) , The tibial. bone grafts consisted o f morsellized bone in 17 knees, of solid cancellous bone in 11 knees and of solid corticocancellous bone in 3 knees. On the femoral side, 2 small, 5 medium and 7 large bone grafts were used. In 6 knees a contained delect (cyst) was present, which was filled with morsellized graft.
In the other 8 cases with a noncontained defect, the defect was reconstructed with a solid corticocaneel-[ous or solid cancellous graft and internal fixation. All pros theses were fixed with cement. Only the con strained type of prosthesis had an intramcdullary stem fixation of the femoral component. In case 9 the entire stem was surrounded by bone graft. Apart from patients with large and/or noncontained bone grafts all patients were allowed full weight bear- loosening of the prosthesis. Radiographic signs of incorporation were observed after a mean period of 1 (0.5-3) year for the tibial grafts and 1 (0.5-2) year for the femoral grafts. We found no differences in ingrowth between allografts and autografts.
Results
At the latest follow-up after a mean postoperative observation period of 3 ( i -5) years, the mean Internationa! Knee Score (IKS, Insall et al. 1989 ) was 90 (70-100) points in 35 knees. I knee was excluded because of early revision (case 13), In the 2 patients who had died, the IKS score at the time of their last visit was taken. Radiographic evaluation revealed a clear incorpo ration of the tibial bone graft in 28 knees (Table 3 and Figure 1 ). Only 1 knee (case 12) showed a demarca tion around the tibial component, without signs of migration. The knee score was 74,
In 3 out of 14 femoral bone grafts it was impossible to evaluate incorporation because the graft was locat ed entirely behind (he metallic prosthesis. In 9 knees there was an incorporation of the femoral graft, whereas 2 femoral grafts (1 patient operated on for bilateral septic loosening) had disintegrated, with
Discussion
Deficiency of bone stock in the proximal part of the tibia and/or distal part of the femur may be managed by different techniques, e.g., cement (Brooks el ah 1984) , augmented tibial components, custom-made implants (Bartel et al. 1982 , Brooks el al. 1984 , Scuderi and Insall 1993 or bone grafting (Alexiades et al. 1989 , Fipp 1989 , Whiteside 1993 . In primary cases as well as in revision surgery we prefer to use bone grafts. In our view, it is more natural to fill bone defects with bone. In case of future revisions, bone stock will probably be better preserved than in cases with only bone cement or augmented components. Therefore, both in primary and revision knee replace ments one should not resect to the level of the delect on the tibial side, but build up the defect lo the level of the cut (Dorr 1989, Hill and Philips 1992) . Many defects on the tibial side in primary and revision cases are (semi)-conlained (Dorr 1989 , Wilde et al. 1990 ). This implies a bony rim sufficient to fill the (Whiteside 1993) , which is a relatively simple proce-successful in large tibial defects, with a radiographic incorporation of the graft in i l out of 14 cases. In the 3 remaining cases diffuse sclerosis of the grafts was visible, but its clinical relevance is unknown. Radiographic signs of incorporation of the tibial graft were usually present by 1 year, somewhat later than stated by Samuelson (1988) . Strict criteria for graft incorporation at this time have not been established. We think our division in 4 groups is reli able, in which 3 radiographic aspects of the graft are ¿ISiSCSf?*1, On the femoral side we used 8 solid corticocancellous grafts (7 medium or large-sized) of which 2 dis integrated. The solid grafts were necessary because of noneonlainm ent of the defect. As shown in ortho pedic oncology (Enneking and Mindell 1991) as well as in revision arthroplasties (Gerber and Harris 1986 , Jasty and Harris 1990 , Kwong et al, 1993 , solid grafts are liable to disintegrate. It is because of our experience with impacted morsellized bone-grafting in cemented primary and revision hip surgery (Slooff et al. 1984 , 1993 , Buma et al. 1992 , Schimmel 1993 , Schreurs et al. 1994 ) that we prefer to use nonsolid grafts wherever possible.
In conclusion, we found a high percentage of incorporation of both solid and morsel I i zed tibial grafts. Out of 8 solid femoral bone grafts we observed a disintegration of the graft in 2 cases.
